Summary. -LHCb found hints for physics beyond the Standard Model (SM) in B → K * µ + µ − , R(K) and Bs → φµ + µ − . These intriguing hints for NP have recently been confirmed by the LHCb measurement of R(K * ) giving a combined significance for NP above the 5 σ level. In addition, the BABAR, BELLE and LHCb results for B → D ( * ) τ ν also point towards lepton flavour universality (LFU) violating new physics (NP). Furthermore, there is the long-standing discrepancy between the measurement and the theory prediction of the anomalous magnetic moment of the muon (aµ) at the 3 σ level. Concerning NP effects, b → sµ + µ − data can be naturally explained with a new neutral gauge bosons, i.e. a Z but also with heavy new scalars and fermions contributing via box diagrams. Another promising solution to b → sµ + µ − , which can also explain B → D ( * ) τ ν, are leptoquarks. Interestingly, leptoquarks provide also a viable explanation of aµ which can be tested via correlated effects in Z → µ + µ − at future colliders. Considering leptoquark models, we show that an explanation of B → D ( * ) τ ν predicts an enhancement of b → sτ + τ − processes by around three orders of magnitude compared to the SM. In case of a simultaneous explanation of B → D ( * ) τ ν and b → sµ + µ − data, sizable effects in b → sτ µ processes are predicted. 11.30.Hv,12.60.Cn,12.60.Fr,13.25.Hw,14.65.Fy,14.80.Da,14.80.Ly
-Introduction
With the discovery of the Brout-Englert-Higgs boson the LHC completed the SM of particle physics and the main focus shifted towards the discovery of new particles and new laws of physics. While no new particles have been discovered directly at the LHC so far, some intriguing 'hints' for indirect effects of NP in the flavor sector appeared. In b → s + − transitions and in B → D ( * ) τ ν significant deviations from the SM predictions appeared. In addition, there is the long standing anomaly in the anomalous magnetic moment of the muon. In these proceedings we review these anomalies and how they can be explained within some selected NP models. −0.074 ± 0.036 , in the range 1 GeV 2 < q 2 < 6 GeV 2 which disagrees with the theoretically clean SM prediction R SM K = 1.0003±0.0001 [5] by 2.6 σ. Combining these anomalies with all other observables for b → sµ + µ − transitions, it is found that a scenario with NP in C µµ 9 only, is preferred compared to the SM by more than 4 σ [6-8]. Recently, LHCb confirmed these hints for NP by measuring R K * [9]. Now, a combined analysis of these observables gives a significance for NP above the 5 σ level [10] .
A rather large contribution to the operator (sγ α P L b)(µγ α µ), as required by the model independent fit, can be achieved in models containing a heavy Z gauge boson (see for example [11, 12] for some early analysis). If one aims at explaining also R(K) and R(K * ), a contributing to C µµ 9 involving muons is necessary but to C ee 9 with electrons no contribution is required. This is naturally the case in models with gauged muon minus tau number (L µ −L τ ) [13] [14] [15] [16] . In these Z models unavoidable contributions to B s −−B s are generated which constrain the coupling to muons to be much larger than the one tō sb unless there is a fine-tuned cancellation [17] .
An alternative solution involves leptoquarks. Here, the only (single) representation of scalar leptoquarks which gives a good fit to data via a tree-level contribution in the from of a C 9 = −C 10 solution is the SU (2) triplet.
Since in b → s + − processes one competes with a loop and CKM suppressed SM contribution, also a NP model with a loop effect is capable of explaining the data. In fact, it has been shown in Ref. [18] and [19] the boxes with heavy new scalars and fermions can achieve this. Here, one needs to add at least three particles to the SM content: One additional fermion Ψ and two additional scalars Φ Q and Φ or two additional fermions Ψ Q and Ψ and one additional scalar Φ. In both cases the additional particles interact with left-handed b-quaks, s-quarks and muons via Yukawa-like couplings Γ b , Γ s and Γ µ , respectively one finds a C 9 = −C 10 like contribution to b → sµ + µ − . We consider all representations under SU (2) and SU (3) which are also present in the SM. Here we have the following possibilities [19] :
The most stringent bounds on this model come from B s − −B s mixing. In fact, it turns out that in order to get a sizable effect in b → sµ + µ − one needs a cancellation in B s − −B s mixing. This is (for real couplings) only possible for Majorana representations for Ψ in which crossed and uncrossed box diagrams enter with opposite sign, i.e. for the representations A-I, A-IV, C-I and C-IV with vanishing hypercharge. 
-R(D) and R(D * )
Hints for LFU violating NP also comes from the semileptonic B decays B → D ( * ) τ ν where the combination of the measured ratios exceed the SM ones by 3.9 σ [20] .
An explanation of R(D) and R(D * ) is not easy. Since these processes are mediated in the SM already at tree-level, a rather large NP contribution is required to account for the O(20%) deviation. Therefore, new particles added to the SM for explaining R(D) and R(D * ) cannot be very heavy and must have sizable couplings. In the past, mainly three kinds of models with the following new particles have been proposed: Charged Higgses (e.g. [21, 22] ), W gauge bosons (e.g. [23] ) and leptoquarks (e.g. [24] [25] [26] [27] ).
Models with charged Higgses lead to (too) large effects in the total B c lifetime [28] and, depending on the coupling structure, can also be disfavored by the q 2 distribution [29, 30] . Interestingly, if the couplings of the charged Higgs are chosen in such a way that they are compatible with the measured q 2 distribution, these models are ruled out by direct searches [31] . Models with W gauge bosons are also delicate because they necessarily involve Z bosons due to SU (2) gauge invariance. If the Z width is not unnaturally large, these models are again ruled out by direct searches [31] . In models with leptoquarks generating left-handed vector operators the coupling structure should be aligned to the bottom quark in order to avoid b → sνν bounds. However, in this case the effect in R(D) and R(D * ) is proportional to the small CKM element V cb and large third generation couplings are required to account for the anomalies. These large third generation couplings lead again to stringent bounds from direct LHC searches [31] and electroweak precision observables [32] .
In Ref. [33] it has been shown that two scalar leptoquarks with related couplings (or a vector leptoquark singlet) can explain R(D) and R(D * ) without violating bounds from direct searches or EW precision data. The key point is that no effects in b → sνν transitions are generated such that non-CKM suppressed effects in R(D ( * ) ) are possible. Therefore, already quite small couplings are sufficient to account for the tauonic B decays (see left plot in Fig. 2) . However, large effects in b → sτ + τ − transitions are predicted −11 where almost the whole uncertainty is due to hadronic effects. This amounts to a discrepancy between the SM and the experimental value of a exp µ − a SM µ = (278 ± 88) × 10 −11 i.e. a 3.1σ deviation. Possible NP explanations besides supersymmetry (see for example Ref. [36] for a review) additional fermions [37] , new scalars [38] [39] [40] or leptoquarks [41] [42] [43] . Here, even though the leptoquark must be rather heavy due to LHC constraints, one can still get sizable effects in the AMM since the amplitude can be enhanced by m t /m µ compared to the SM. In fact, among the 5 scalar leptoquark representations which are invariant under the SM gauge group [44] , only two can in principle generate these enhanced effects as they possess couplings to leftand right-handed muons simultaneously: Φ 1 being an SU (2) L singlet with hypercharge −2/3 and Φ 2 being an SU (2) L doublet with hypercharge −7/3. These leptoquarks lead to simultaneous effects in Z → µ + µ − couplings which can be measured at future colliders as shown in Fig. 3 .
-Conclusion
In these proceedings we reviewed the implications of the deviations from the SM predictions in b → sµ + µ − , B → D ( * ) τ ν and a µ for NP models. A prime candidate for the explanation of the anomaly in b → sµ + µ − data is a Z boson but also models with box contributions from new heavy scalars and fermions provide a viable solution. 
